Introduction
Knowledge on technologies is one of the elements shaping the economic development [1, 2] . All industrial branches, sectors as well as business functions are transformed through these technologies [3] . Technology can be perceived as a tool, a system, and value [4] . The contemporary concept of technology is an all the more complex system [5] , being inherent to machines and appliances that are at a root of a production system but also to goods manufactured with the use of a given technology [6, 7] . According to Musango [8] , the development of the contemporary technology is defined by four characteristics: uncertain, dynamic, systemic and cumulative. The uncertainty is associated with the existence of numerous solutions to a given problem. It is difficult to provide an unambiguous identification as to which solution is best in terms of all economic, social, technological, environmental and other factors. Technology and its development are dynamic; technology changes with time (exemplified by the shape and analysis of the S curve [9] ). Moreover, the development of technology cannot be treated as a separate, isolated phenomenon connected only with technology (the systemic quality of the development of technology). Mutual interactions exist between the simultaneous occurrences of technological, institutional and social changes. On the other hand, the cumulativeness of the development of technology results from the continuous technological transformation that is based on the preceding experiences and acquired knowledge [5, 8, 10] .
The complexity of the technology itself and numerous aspects of its development, both observed by many scientists, determine the need for the necessary and valid actions aimed at searching for the adequate manner of technology management (TM) [6] . It is one of the most difficult tasks that specialists and engineers currently face [11] , since, in its nature, technology management is a multi-disciplinary concept [12] . It involves many research trends that concern subjects from various disciplines, and it appears interesting to analyse, which of them are developed by the contemporary scientists.
This paper expands on the previous paper by the Author presented at the 7th International Conference on Engineering, Project and Production Management (EPPM2016). The conference paper was aimed at analysing the areas of interest within TM that change with time. The analysis was based on the data from the Web of Science database, which led to the fact that terms, such as innovation or product development, proved to be inseparable from the concept of technology management. Other issues, such as knowledge management, have been evolving from being a secondary, complementary area of interest into becoming one of the major research trends. Many interesting research areas (e.g. network analysis in the context of intellectual property and technology innovation, or the application of technology management in the field of healthcare) appeared only recently and might also develop into the next main research trends in the future [13] . The objective of this paper is to take a closer look at the current research trends that occur in scientific papers that were published within the last five years. The paper presents an analysis of the data from the Scopus database, where the number of registered publications related to the TM issue appeared higher than in the case of the Web of Science database. The study also involved the preparation and analysis of a map of research trends, based on the data generated from the Scopus database.
Technology management -the development and relations with other disciplines
The interest in technology management as a research field has grown considerably, particularly in the last 15-20 years, though it already dates back to the 1950s. This interest became an independent discipline [4] together with the appearance of professional organisations, such as PICMET (Portland International Centre for Management of Engineering and Technology) and EITIM (European Institute for Technology and Innovation Management) [14] . According to Beyan and Cetindamar, the number of papers on this issue published in the years 1995-2005 grew by over 160%, as compared to the preceding years (since 1986) [15] .
According to Łunarski, provision of an unambiguous TM definition is hampered by the diversity of generally applied technologies and the use of this term in various situations [7] . As Moczała indicates, the development of technology results from the innovativeness, discoveries, scientific principles, data, and experiences being the effect of production processes [16] . Innovations, technological in particular, can be found in scientific research and technical outputs produced by centres, also manifest in the form of information in available publications and papers, information that can be gathered at fairs, exhibitions and scientific meetings, as well as new structures of products, technologies and organisations, inventions and improvements achieved in an enterprise. Therefore, the signals for technological changes can be triggered both from the internal structures of the organisation as well as external sources [16, 17] . Nonetheless, regardless of the source of innovation, it is important to strive and use as well as manage the occurring technological change, which, according to Hejduk and Grudzewski, constitutes the core of technology management, characterised by the ability to apply the latest scientific achievements [18] .
In a historical overview of the technology management discipline presented in 1997, Drejer pointed to four schools associated with its development: R&D management, innovation management, technology planning, and strategic management of technology. These schools were interrelated as they constituted a mutual inspiration for mastering and creating new theories. Nevertheless, each of them followed their own individual path [4] (Table 1) . As a discipline, TM was evolving and so were the principal areas of interest within its scope [13, 14] . At present, this involves not only the concentration on managing the technological innovation, but also (as Cetindamar, Phaal and Probert claim) six areas of activity that technology managers must perform in their daily work: identification of technology, selec-tion, acquisition, exploitation, protection and learning the knowledge coming from the development and exploitation of technologies [19] . Therefore, technology management can be described as directed at the effective execution of the enumerated activities undertaken to achieve and maintain (or increase) a high market position, based on the objectives of the organisation [20] . The definition addresses two significant issues within technology management: (1) establishing and maintaining relations between technological resources, and the objectives of the organisation is of paramount importance and a regular challenge for companies, which requires effective communication and knowledge management, supported by the adequate procedure and tools; (2) effective technology management requires the execution of processes that do not always need to be visible in the organisation [14, 21] .
Technology management should not be limited to managing a specific set of technologies, but it should also develop the strategy of their implementation in the aspect of available resources, currently applied technologies, the future of the market and a social and economic environment [22, 23] . According to Badawy, technology management comes down to the practice of integrating a technological strategy into the business strategy in a company, an integration requiring a sensible coordination of research and production, as well as the function of marketing, finances and human resources in a company [24] . Klincewicz identifies the fields of interest, within which the researchers focused on technology management: (1) an aspect of appearing new technologies and their impact on current activities and development of the enterprise; (2) an identification of opportunities and threats in the context of development of technologies, particularly emerging ones; (3) observation and analysis of the activities of other market participants, particularly with regard to the results of conducted research and development; (4) decision making within conducting and coordinating individual research and development activities as well as the development of technological products; (5) indication of technology with strategic and tactical aspects; (6) preparation of technology products to market; (7) development of competence in selected areas, or (8) the protection of industrial and intellectual property of an enterprise [25] . According to the research conducted by Cetindamar et al., the authors dealing with technology management are focused on the following topics: (1) an organisation, its culture, structure, competences, knowledge, creativity, idea of management; (2) a policy within technology, i.e. policies and systems of technology management, systems of innovation in the national, regional and sector framework; (3) the acquisition of the technology, its transfer, diffusion, adaptation, and dissemination [26] . However, based on the analysis of selected publications from the periodical Technovation, Pilkington and Teichert indicated that the areas of research interests within TM are focused on the aspects of strategy and technology, national systems and differences, sources of competitive strategies, manufacturing/operations/new product development, knowledge management and inventors, patents, and lifecycles/change/discontinuity [27] .
The management of technology discipline is more complicated than 40 years ago. At present, many disciplines are engaged in TM. In the light of the analysis conducted by Lee, technology management seems to have close relationships with six disciplines: (1) Business and Management, (2) Marketing, (3) Economics, (4) Planning and Development, (5) Information Science, and (6) Industrial Engineering and Operations Research. According to studies by Lee, the disciplines that contribute to TM the most are Business and Management, and Industrial Engineering and Operations Research. [12] . As Drejer claims, disciplines, such as project management, organisation theory, strategic management or innovation theory, still constitute disciplines per se; however, they are at the same time a part of technology management discipline, and, more significantly, they transform their contents and assumptions [4] . Therefore, it appears important to involve the knowledge on the types of research trends that currently co-occur in the context of TM for further development and shaping of the discipline.
Current research trends within technology management -data selection and the assumed research procedure
To analyse the current research trends among publications indicated by their authors as associated with the discipline of technology management, the Author verified the number of publications available in the Web of Science (WoS Core collection) and Scopus databases (Fig. 1 ). The number of articles that included references to the concept of technology management was 1,920 in the case of WoS database. However, the Scopus database had 3,860 papers that included titles, keywords or abstracts referred to TM. The set of generated data in case of both databases contained articles, conference papers, books and book chapters. Figure 1 presents the number of publications indexed in the WoS and Scopus databases and referring to the concept of technology management. The chart refers to the period after 1983, when the number of publications exceeded ten items in the Scopus and three in WoS databases.
The Author opted for the Scopus database for further analysis, because of the numerousness of both generated sets. While analysing the number of publications indexed in the Scopus database, a considerable growth in the interest in the technology management subject could be observed. Moreover, it should be noted that in the last decade, the number of publications regularly exceeded 100 papers per year. It is interesting to note that in 2006 and 2008, the number of publications on the analysed subject was, respectively, 273 and 440. The analysis of the cause of such a situation points to the fact that in both years, the number of published conference papers considerably exceeded the number of articles. Moreover, they comprised over 75% of all publications in a given year. In 2008, 290 papers were published as a result of a conference organised by the PICMET; and in 2006, the number of papers was 192, which significantly affected the discipline's popularity within the analysed database in these years. Although the number of publications in the years 2009-2015 was lower than that of the two years, it was rather stable and around 190 papers annually. The lower number of publications was registered in 2016, which was most likely due to the timing of the analysis since the publishing year of 2016 had not yet closed at the time.
The general analysis of the subject areas, into which the articles in the Scopus database are classified, can lead to the interpretation that all the identified papers mainly represented two areas: business, management and accounting (1782 publications), and engineering (1585). The other areas, where the number of publications exceeded 100 papers were: computer science (915), decision sciences (776), social sciences (408), medicine (201), economics, econometrics and finance (153), chemical engineering (125), environmental science (104), and mathematics (101). The areas of materials science, earth and planetary sciences, energy and biochemistry, and genetics and molecular biology were represented by already less numerous groups of publications (Fig. 2) . The areas most numerously represented in a collection of papers on TM were analysed in terms of changes in the number of publications in the subsequent years. The study of Fig. 3 , representing the results of the analysis, points to the fact that until 2004, the most popular papers were those classified in the field of Engineering. Similar changes are observed in the area of Computer Science. Both fields enjoyed the largest number of publications after 2001. Following a significant fall in 2004, these disciplines have constantly been developing. Papers referring to TM that in 2005 appeared in the context of Business, Management and Accounting, virtually reversed the current situation for good (except for the year 2013). Since that time, this area has become the most popular within the analysed disciplines. An interesting situation can be observed in the case of Decision Science that appeared almost the best-represented by the papers on TM published in 2008 when the conference was organised by the PICMET. Interestingly, in 2006, when an analogous event took place, this was an area not as well-represented by the publications recorded in the Scopus database. Moreover, since 2009, a significant decrease in papers classified in this field has been observed. The chart also depicts a slowly, though stably growing trend within publications referring to TM and classified in the field of Social Science.
Many researchers from various countries as well as research and scientific units have incorporated the issue of technology management into their studies. Among the authors that publish in journals indexed in the Scopus database, there are also scientists that both frequently raise the issue of technology management as well as have their papers cited in other works within this scope. Table 2 presents a list of authors that most frequently appeared in the analysed set of data as researchers focused on the development of the discipline of technology management. The table also shows the number of articles associated with TM that were indexed in Scopus database. It includes names of the researchers that published more than five articles in the analysed context. Table 2 Authors that most frequently appeared in the set of publications associated with TM in the Scopus database. The objective of the article was to take a closer look at the contemporary trends and make a more detailed analysis based on the publications issued within the last five years as well as within the period of the unfinished year of the analysis, i.e. the years 2011-2016 (1095 papers). Keywords and their co-occurrence were the elements representing the content mentioned in the articles were. The analysis was based on the keywords included by the authors of the publications. To present a clear visualisation, this paper focuses on those expressions that appeared at least five times in a group of selected publications. The analysis also disregarded the terms technology management, management of technology, technology, and management, which constituted filters while selecting specific publications.
The data was organised and presented with the application of the VOSviewer program -software particularly useful while working with a large number of data. It facilitates the generation of visualisations of the gathered data from several perspectives. It is possible to highlight the aspect of the frequency of the occurrence as well as the frequency of their co-occurrence. The size of the elements presented on the maps points to the occurrence of particular keywords, whereas the connections between the nodes of the resulting network represent their co-occurrence in an analysed group of publications. The stronger the connection, the higher the frequency of the cooccurrence.
To present a map of research trends within TM, the analysis involved a manner of graphic presentation described as label view. Such a choice resulted from the fact that this view also indicates clusters that the analysed elements create. The clusters seen on the maps with labels, marked with colours, reflect the association of a given element to those that it exists with most frequently. At the same time, the same element can be a part of a different cluster, within which it nonetheless occurs more seldom [28] .
A map of current research trends within technology management
Within the conducted analysis, the Author prepared a map of research trends associated with the TM discipline in the context of publications indexed in the Scopus database for the years 2011-2016. Figure 4 presents the resulting map. The central part of the map includes the most frequently occurring keywords. Also, the size of the nodes representing each of the appearing terms as well as the font size, in which the name of a given node is written, correspond to the frequency of the occurrence of a given term. The notions: innovation, information technology management, technology management strategies, innovation management, knowledge management, patent analysis, health technology management and technology transfer appeared most often in the analysed set of publications, and had the highest occurrence ratio (Table 3) . While analysing Fig. 4 it can be observed that the resulting network is quite dense and is characterised by numerous connections. The issues most strongly connected with others within the network were: innovation, innovation management, technology management strategies, knowledge management, and information technology (the highest co-occurrence ratio, Table 3 ).
As a result of the network visualisation, the applied software also allowed for the identification of the clusters, in which the most frequently occurring terms were found. The resulting nine clusters are presented in Table 3 .
The first resulting cluster (Cluster 1) was a group of issues associated, among other things, with the health sector. The most frequent and the most interrelated component in the cluster was health technology management. Here, this element exhibited a very strong relation with clinical engineering. However, both of them were associated with the aspect of medical equipment. In the same cluster, a trend connected with energy, renewable energy in particular, could be observed. Both areas -health and energy -were frequently connected with methodological issues, such as technology assessment or technology forecasting. In both areas, the authors also imposed the context of decision making on the deliberations presented in the publications. The same cluster showed some interest in the subject of intellectual property that appeared in the context of renewable energy as well as in the aspect of a business model. Here, manufacturing technology management is clearly shifted into the direction towards the centre of the map, which pointed to its numerous though weaker connections with a large number of other issues. The subject of higher education, associated with the area of health and energy could be observed less frequently as well.
The second classified cluster in VOSviewer (Cluster 2) involved issues that concerned one of the most tightly connected as well as most popular nodes in the network, i.e. technology management strategies. This cluster included as frequently co-occurring aspect of technology transfer -associated with the notion of case study, which points to the type of the conducted analyses within the enumerated subjects. A strong group in the cluster was deliberations associated with patent analysis, connected with the aspects of social network analysis and technology innovation. The presence of papers associated with knowledge transfer can also be observed as these are characterised with stronger connections with the elements of other clusters (such as innovation management or manufacturing technology management). Within the cluster, this term often occurred together with the notion of technology transfer and technology innovation. This cluster contains publications concerning the aspect of open innovation, mentioned in the context of technology innovation and technology transfer, but also intellectual property, SME or R&D management.
Another resulting cluster (Cluster 3) was a group concerning the issue of performance management, most often connected with operations management or the ICT context, but also frequently co-occurring with the components of other clusters, such as process management. Here, stronger connections could be observed between performance management and technology management strategies ascribed to Cluster 2, and the research group shifted to the margin of the network characterised by the notions of strategic planning, roadmapping and technology roadmapping.
The next cluster (Cluster 4) involved a general notion of innovation, which is the most strongly interconnected and most frequently occurring in the entire group. This term is strongly intertwined with the network, being the subject or context of many described deliberations presented in the analysed publications. Here, the strongest connections appear in the context of technology and knowledge transfer. The cluster combines a general aspect of innovation with, among other things, the contexts of sustainability, entrepreneurship, and collaboration (also being a subject of frequent deliberations in the set of the analysed publications).
Cluster 5 was another cluster focused near the map's centre. Here, the following terms frequently appeared in the entire set of publications: information technology management, innovation management, and knowledge management. The cluster also exhibited a strong connection of the notions of innovation management and retailing, which shows a frequent context of deliberations concerning innovation management. The aspect of information technology management was often combined with the context of risk management, and cloud computing, and less frequently with project management. Cluster 6 was one of the most dispersed clusters. The terms classified here were mostly connected with various areas (such as the issue of information technology or the frequently imposed context of SME or competitiveness).
The subsequent cluster (Cluster 7) concerned one of less frequently occurring keywords that characterise publications. Therefore, this cluster was located on the margins of the network. It involved the aspects perhaps not as strongly though numerously connected with others, i.e. strategic management or supply chain management, as well as a less frequent context of ERP, integration, system dynamics, and simulation.
Cluster 8 included terms more frequently occurring as characteristics of the publications, product development, and R&D management. In the context of the latter notion, the analyses involved technology development combined with the notion of technology transfer or innovation management. It was observed that analysis relating to AHP was shifted towards the margins.
The last cluster (Cluster 9) was comprised of human resource management appearing in the context of analyses connected with health technology management and knowledge management as well as the notion of learning that, though less frequently occurring as characteristics of publications, appeared quite strongly in association with the aspect of innovation and innovation management. gathered within the discipline, and fosters identification of research niches that are worth exploring.
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